The Nemunas River basin falls within the territories of five different countries -Belarus, Lithuania, Russia, Poland and Latvia. In general, the beginning of spring floods highly depends on rapid rise of air temperature, heavy precipitation and sudden snow melting in the analysed basin. In this paper, the conditions of formation and consequences of two catastrophic floods in 1958 and 1979 in the Nemunas River basin were studied regarding the hydrometeorological parameters (maximum snow water equivalent before the beginning of flood and precipitation amount during the flood) as well as runoff coefficients for each selected catastrophic flood. Differences between the main drivers and evolution of these floods were analysed. Spatial distribution of maximum snow water equivalent and precipitation, as well as runoff coefficient in different parts of the river basin, were identified as having the most significant impact on the formation of the studied catastrophic floods. climate highly depend on the distance of the Baltic Sea and local topography. The area with the highest precipitation ratio (700-900 mm) is located in the downstream part of the selected river basin. The amount of precipitation (450-650 mm) slightly decreases moving from downstream to the upstream as well as increase in amplitude of the air temperature due to the Baltic Uplands, which together with the distance from the Baltic Sea have significant impact on the distribution patterns of different meteorological parameters. Consequently, these local conditions cause more intensive accumulation of snow cover in the upper part of the selected river basin. The main reasons for the floods in the Nemunas River basin are a sudden snow melting combined with intense rainfall; also there is a probability of floods caused by dam failure and landslides. However, the local floods in the Nemunas River basin can happen suddenly because of ice jams. Such a distribution of factors was confirmed by investigation of the Environmental Protection Agency of Republic of Lithuania (EPA ), where the main causes of catastrophic floods are identified: the snow melting and ice jam events (75%), heavy rainfall (15%) and others factors (10%).
INTRODUCTION
The historical records of catastrophic floods reveal that their increased occurrence is mostly caused by extreme precipitation events. However, natural causes of fluvial floods are not limited to increased precipitation due to higher temperatures; snowmelt processes and soil conditions prior to flooding are also of high significance. Berghuijs An attempt to quantify multi-continental changes in the frequency and magnitude of extreme floods revealed that the key drivers of extreme floods strongly vary between catchments (Berghuijs et al. ) .
Existing studies in Lithuania have mostly concentrated on spring flood phenomena in the Nemunas River basin (Stankunavicius et al. ; Rimkus et al. ; Meilutytė-Lukauskienė et al. ) . However, only a few very old written sources about the catastrophic floods in the Nemunas River basin are available (Kolupaila ) . Some information on water resources dynamics in the Nemunas River basin, which influenced extreme events, can be found in Korneev et al. () . Therefore, the aim of this research is to analyse the main drivers and conditions of the formation of two (1958 and 1979) The evaluation of impact of meteorological and hydrological parameters on formation of the catastrophic floods was carried out using long-term series of daily discharge data from 12 WGS (Table 1) , as well as data of daily precipitation (P, mm), monthly air temperature (T, C) and decadal (i.e., measured every tenth day) snow water equivalent (SWE, mm) from 58 MS.
METHODS
The beginning of spring flood in the Nemunas River basin mainly depends on climatic conditions (air temperature, precipitation, snow melting), whereas the end of flood may be influenced by many different elements (such as size, form and slopes of the basin, snow reserve in the basin, density of river network, etc.). In Figure 2 , a scheme of flood formation in the Nemunas River is displayed, where the beginning of spring flood with abrupt increase of discharges, its course and culmination is presented. Sudden increase of Then, intensive snow melting causes abrupt increase of the water level in the river and these conditions give rise to the spring flood in the river basin.
A general scheme of the research methodology is presented in Figure 3 . The first step in this research was probability distribution analysis in order to find out the floods of rare probability in the selected river basin. After selection of catastrophic floods, assessment of the main hydrological (water level during the flood (h flood , cm), daily discharge during the flood (Q flood , m 3 s À1 )) and meteorological (maximum snow water equivalent before the flood (SWE max , mm) precipitation amount during the flood (P flood , mm) and air temperature (T, C)) characteristics was carried out. In the following step, the number of investigated variables was reduced by keeping the most important ones: 
SWAT (Soil and Water Assessment Tool) Baseflow
Filter (BF) program (https://swat.tamu.edu/software/) was used to separate a part of the groundwater feeding and surface runoff from the data of historical observations (i.e., hydrograph). This software provides an opportunity to investigate the influence of the surface processes on volume of the spring flood. The methodology of hydrograph separation is described by Arnold & Allen () in more detail. In this research, SWAT BF tool was used for determination of the part of the volume of catastrophic flood (V flood ) in the Nemunas River, which was caused by the surface runoff in the basin. Eliminated groundwater feeding from the daily discharge during the flood (Q flood ) allows assessment of the discharge part from surface runoff during the flood (Q surface ). Surface runoff during the flood gives an opportunity to estimate the interaction between surface processes (precipitation and snow melting) and catastrophic flood runoff. V flood in the Nemunas River basin was compared with water resources in the WGS catchment (V WGSres ).
Calculations of hydrometeorological variables. In the Nemunas River basin, V res consists of water from SWE max together with P flood , which determine V flood . Volume of the selected flood was calculated by using the equation:
where Q surface i is daily discharge during the flood without groundwater feeding (estimated from output of SWAT BF) (m 3 s À1 ), t is daytime (s), i is from 1 to n, n is flood duration expressed by days (the time period from the beginning until the end of spring flood, i.e., from the first day of sudden increase of hydrograph until the last day of sharp decrease in hydrograph after maximum discharge of the spring flood).
The volume of water resources V res in the Nemunas
River basin was calculated as:
where H SWEmax is average height of maximum snow water equivalent (calculated from area of the whole basin) before the beginning of the spring flood (mm), which was selected from decadal (i.e., measured every tenth day) data of snow water equivalent, H P flood is average height of precipitation amount (calculated from area of the whole basin) during the spring flood (mm), which was calculated by assessing the time period from abrupt rise of the river discharge until the maximum peak of catastrophic flood, S basin is area of selected basin (km 2 ). Average heights of SWE max and P flood were estimated from the isoline maps.
In analysis of surface runoff processes, the runoff coefficient, an important input parameter in hydrologic modelling, characterised as the ratio of runoff volume and rainfall volume, is widely used. In the present study, the runoff coefficient ŋ is defined as a portion of accumulated water resources that directly becomes a part of the volume of catastrophic flood. A runoff coefficient was calculated for each WGS catchment (ŋ WGS ) and showed the ratio between V WGSflood and accumulated water resources from SWE max and P flood (V WGSres )
Thus estimation of ŋ WGS shows which part of the river basin has the greatest weight on the volume of catastrophic flood and spatial differences in the surface runoff conditions between WGS catchments.
ArcGIS ( These probabilities were calculated from the data series of annual maximum discharge of the period of 1812-2017.
Both floods took place in the period March to April. The peak discharge of flood in 1958 was 2.5 times greater than the average of maximum discharges at Smalininkai WGS, while in 1979 it was 1.5 times greater ( Figure 5 ).
In 1958, spring started almost a month later than usual, i.e., 10-16 April (mean annual date of floods in the Nemunas River is 18-22 March). A few days later, the catastrophic flood hit the Nemunas River basin ( Figure 6 ).
The peak discharge of this flood exceeded 7,000-8,000 m 3 /s.
The 74,000 hectares of Kaliningrad District and 57,000 hectares of Lithuanian territory were flooded (Ginko ).
Many structures were demolished, many dams were washed out, protected areas suffered from the overflowing waters as well (Figure 7 ). During this flood, the Lithuanian cities of Kaunas, Alytus, Balbieriškis, Prienai, Druskininkai and Birštonas were inundated; many houses and streets were damaged. Over the observation period, the highest water level h flood was recorded at Druskininkai WGS (10.93 m on 24 April). In Kaunas city, the factories and be closed); the Nemunas levee was breached (Ginko ) .
During this flood, the Belorussian city of Grodno suffered the most (Sajapin ). Many streets, houses, a beer factory, main bus station and church were inundated and damaged. and the monthly amount of precipitation from December (1957 and 1978) to April (1958 and 1979) in three MS of the Nemunas River basin.
Characteristics
in the Nemunas River basin. Therefore, analysis of spatial distribution of SWE max and P flood was performed.
Spatial distribution of meteorological conditions in the

Nemunas River basin
The analysis of spatial distribution of SWE max and P flood was accomplished for the selected floods of 1958 and 1979 in the Nemunas River basin. The largest amount of water resources was accumulated in the snow cover before the flood of 1958 (Figure 9 ) when the isoline of SWE max of 100 mm divided the basin in two different parts. These parts are characterised by distinct water resources and distribution of SWE max (Figure 9(a) ). The lar- These conditions are formed due to the soils, which are already waterlogged before the cold period; and all moisture surplus is draining together with surface runoff due to the frozen soils. Therefore, the significant impact of precipitation amount on the magnitude of catastrophic flood is obvious.
Distribution of V WGSres and V WGSflood in different WGS catchments (the whole analysed basin was divided into separate catchments and each catchment was described by the outlet WGS) in 1958 and 1979 is shown in Figure 11 . The largest differences of V WGSflood between the two analysed floods were identified in the southeastern part of the basin (in the catchment of Belitsa WGS). These differences originated due to the high volume of water resources from SWE max (Figure 9(a) ) in 1958 and smaller input of water from P flood (Figure 10(b) ) in the southeastern part of the basin during the flood of 1979. Also, significant distinctions 
